Introduction

Background and Purpose
South Korea imports over 97% of its domestic energy consumption. To resolve this problem, South Korea needs to secure stable energy sources. Recently, South Korea has concluded an agreement on procurement of 7.5-million-ton natural gas from Russia for 30 years beginning from 2015, under the condition of intensive cooperation for the development of oilfields and gas fields in Russia (2011 G-20 Cannes Summit). As a result, South Korea became able to participate in the development of the permafrost areas. The permafrost areas, including permanently frozen earth, are estimated to possess 22% of the world's undiscovered petroleum and gas reserves (USGS; United States Geological Survey, 2008) . A considerable number of nations including the US, Germany, France, and Japan are already trying to secure energy by directly participating in resource development in permafrost areas. Since a huge amount of information is generated at each stage of a large-scale project such as the gas pipeline project, it is important to manage information. South Korea, however, does not have experience in any relevant project for resource transfer from the permafrost areas. In other words, South Korea has insufficient survey data and research materials about information, knowledge, and data management at the project planning, design, and construction stages. This dissertation, which is part of the research on the development of the O&M information management framework for gas pipelines, aims to investigate and analyze the methodology using the IT solution of configuration management. The results of this study will be used as preliminary data for the establishment of the design-construction data management system. First, the characteristics and requirements for projects to be conducted under extremely cold conditions (-40℃ to +20℃), which cannot be found in Korea, are surveyed.
Second, data management information of the gas pipeline project is collected through a literature survey.
Third, a way to apply configuration management techniques for developing an information management system is found and suggested for utilization of information of the construction stage at the maintenance stage.
Lastly, a strategy to develop the data management system is established and a follow-up study plan is proposed.
Preliminary Studies
Literature Survey
Starting with studies on the design/construction techniques for the permafrost areas in the early 1990s, Korea has been conducting various studies on economic feasibility, pipe design, maintenance, pipeline welding, and dynamic behavior. However, there is an overall lack of research that has been conducted so far on information management of long-distance pipelines that consider the characteristics of the permafrost areas. Fortunately, studies on the gas pipeline project in the permafrost areas are being proactively conducted as the five-year government-led R&D project has begun in 2014. This dissertation is also written as part of the project results.
Permafrost Area
The permafrost areas account for about 14% of the total land mass of the world, including the Antarctic and Arctic regions. The permanently frozen earth with the total area of 2,100 km2 accounting for 22.5% of the total land mass is widely distributed in Siberia, Alaska, Northern Canada, and Northern China. Many countries are proactively entering the permafrost areas and participating in relevant development activities with a great deal of interest. However, South Korea has very little experience in development and has poor technological capabilities, compared to other nations possessing permafrost areas. Generally, pipelines of the permafrost areas should be able to tolerate temperatures between -40℃ and 20℃. In addition, the length of pipelines is over 4,000 km. For this study, the project is assumed to be conducted for constructing 2,000-kilometer-long pipelines.
Configuration Management
Configuration management is a systematic approach to identify, document, and modify the characteristics of project structures, systems, and components (SSC), maintaining consistency between design requirement, facility configuration information, and physical configuration. In the 1960s, the United States Department of Defense introduced configuration management in order to advance in a competition involving missile launch capability by improving lack of uniformity and realizing accurate change management. As configuration management was gradually extended to general commercial product condition and lifespan management in the 1990s, based on the preexisting concept of the US Department of Defense, its concept has become apparent. Configuration management, an important functional field in systems engineering, has been applied for various fields including business management, quality management, technology management, and procurement management.
Configuration Management Application Plan
O&M Data Breakdown Structure (DBS) of Gas Pipeline Project
The project lifecycle is generally divided into engineering/design, procurement, construction & commissioning, and O&M. This study was conducted to establish an O&M stage-centric data and information management framework. Therefore, the DBS of the O&M stage was made first. The standard EPC DBS is as shown below.
International 
Interface with Information between EPC and O&M Phase
In this study, work is generally categorized into EPC, same as a plant project, and then named in order to understand information and data generated during the EPC phase of the gas pipeline project. The Conceptual Interface with Information is as shown below. 
Configuration Management Application Plan
For systematic configuration management, a configuration management plan should be established and relevant work processes should be composed for their smooth implementation according to the plan. (1) Required work processes for configuration management As shown in Table 2 , the following configuration management work processes are required for information management of the gas pipeline project. Analyze modification effects and control the modification process in order to maintain consistency between design requirements, physical configuration, and facility configuration information when configuration is modified
Evaluation
Evaluate how efficiently basic relations between design requirements, physical configuration, and facility configuration information are established and maintained
Training
Guarantee that all who are involved are well informed of the vision, concept, definition, and procedure of configuration management (2) Information required for configuration management
Even though a systematic plan should be established above all for configuration management, actual configuration management work requires considerable effort. Therefore, an adequate computer system should be introduced and a comprehensive IT environment should be created considering the purposes of configuration management of an organization. Since a computer system for configuration management should be able to fittingly provide information for supporting complicated configuration management work, it should fulfill the following information presentation requirements as shown below. 
O&M Information Management Framework using Configuration Management
O&M of the gas pipeline project has been conducted for decades. Maintenance begins as soon as a project is finished with the completion of the construction stage. The important thing is that data and information transfer is not smooth sometimes because of different main agent modes. To prevent this, the V-model is applied for configuration management as shown below. According to the figure above, the requirements of the design stage are sequentially satisfied and managed well if sustainable traceability is secured from the early project stage. The important thing is how to manage changes generated during the project. Therefore, information is repetitively checked and recorded/saved using the configuration management equivalency evaluation process as shown below.
The change management process is vital for the efficient management of the huge amount of data generated during a long-term project. In this study, a configuration management technique is applied for data management of the gas pipeline project and the key is change history management. The figure below shows the change management process. 
Conclusion
This dissertation is part of the research conducted to develop an efficient data management system for the gas pipeline project in the permafrost areas. In particular, the maintenance stage-centric data management system is an important part of the entire project lifecycle. In this study, the data management technique using configuration management is selected and applied. Configuration management, originally applied for weapons development and space development, is being introduced to nuclear power plant projects. A huge amount of data will be generated during the gas pipeline project and should be converted into and used in various forms for each stakeholder. In that regard, this study is in an early stage and will be conducted again three years from now.
In this study, it was found that the introduction of configuration management techniques is suitable for the development of the O&M data management framework for pipelines of the permafrost areas. The major performances of this study are as follows: Firstly, the data breakdown structure of the pipeline lifecycle in the permafrost areas was deducted, secondly, the configuration management technique was surveyed and analyzed, and thirdly, a configuration management application plan was proposed. In particular, further studies will be conducted about details of data management framework development, focusing on the change history management process.
